Little is known about the role of socioeconomic status in relation to Parkinson's disease (PD) risk, and no study has investigated whether the impact of socioeconomic status on all-cause mortality differs between individuals with and without PD.
Introduction
Parkinson's disease (PD) is the second most common neurodegenerative disorder after dementia and affects over 1% of individuals >60 years of age. [1] The underlying mechanisms for PD remain unclear, and current treatments are symptomatic and cannot halt the disease progression. As the disease progresses, motor as well as nonmotor symptoms result in poor quality of life and disability, [2, 3] placing a large burden on the health care system and leading to on an average 2-fold increased mortality rate among PD patients compared to the general population. [1, 4] Research about socioeconomic status (SES) in relation to disease risk is important both in terms of formulating new hypotheses about the role of environment and social factors in disease etiology, and developing equitable health care social policies. Numerous studies have well demonstrated that low SES is associated with risk of chronic diseases, including cardiovascular diseases and dementia. [5, 6] However, very few studies investigated the role of SES in relation to PD risk and with conflicting results. [7, 8] In addition, although it is known that lower SES is associated with increased mortality in the general population, [9] no study has examined whether the impact of SES on all-cause mortality is modified by PD.
Apart from being a progressive disease substantially impairing patients' activities of daily living and quality of life even in early to mid-stage, [10, 11] PD is also of great public health importance especially given the aging worldwide population. [12, 13] In Sweden, total direct healthcare cost for PD patients was estimated at 1.7 billion Swedish kronor during 2009, out of which 48% were costs for outpatient healthcare and drugs. [14] We therefore conducted a population-based cohort study of over 4.6 million Swedish inhabitants between 1981 and 2010, to examine the association between SES and PD risk as well as the impact of SES on all-cause mortality in individuals with and without PD.
Methods

Study population
In 1960, 1970, 1980, and 1990 , population and housing censuses were performed by Statistics Sweden. The census questionnaires were sent to all Swedish inhabitants who were above the age of 16 at the time of the census, with a mandatory answering request. The present study was based on the 1980 census (n = 8,318,187, response rate 99%). [15] The questionnaires included detailed information on housing, marital status, highest level of education, income, occupation, and social class. Using the unique Swedish personal identification number assigned to all residents, we linked all persons in the censuses to several Swedish nationwide registers. The study was approved by The Regional Ethics Review Board in Stockholm.
Previous studies have reported that individuals >30 years of age have a stable occupation and social class throughout life course. [16] [17] [18] We therefore excluded participants <30 years of age, leaving 5,016,713 participants in the study. In total, 818 participants were also excluded due to incorrect or missing record of personal identification number, date of death or migration, and SES information. Among the remaining participants, we further excluded those with a record of PD diagnosis (n = 8,406), death (n = 27,066), and migration (n = 349,595) before start of follow-up on January 1, 1981. Thus, 4,630,828 individuals were included in the study population, including 2,243,574 (48.5%) men and 2,387,254 (51.5%) women (Fig. 1 ).
Assessment of socioeconomic status and covariates
The Swedish socioeconomic index (SEI) distinguishes employers and employees, and classifies occupations into different social classes. [19] We used SEI information primarily from the 1980 census. For individuals who could not be classified according to SEI in the 1980 census (n = 1,173,184, of which pensioners accounted for 85.3%), whenever possible, we obtained this information from the 1970 or 1960 censuses. [20] We then categorized the SEI into 8 socioeconomic groups: higher nonmanual workers (including intermediate nonmanual, SEI-46, 56), lower nonmanual workers (SEI-33, 36), higher manual workers (SEI-21, 22), lower manual workers (SEI-11, 12), selfemployed workers (company or farm owners, SEI-60, 79), farmers (SEI-89), pensioners (SEI-95), and unclassifiable employed workers (house-workers and employed individuals that could not be assigned to an occupational class, SEI-91, 96, 97, 98, 99). The first 4 groups can be considered ordered from the highest to the lowest SES, whereas the remaining may not be ordered.
Information on age, sex, marital status, and area of living was also collected from the 1980 census. Marital status was categorized into 2 groups: unmarried/divorced/widow/living alone or married/cohabiting. Area of living was categorized into urban (3 largest cities in Sweden) or rural. Yang et al. 95: 30 Medicine hospital-based outpatient specialist visits. [21] Diagnoses in the NPR were coded according to the Swedish revisions of the International Classification of Diseases (ICD). [22] We identified PD patients as individuals with any PD diagnosis in the NPR, considering both primary and secondary diagnoses. The ICD codes used for PD were: 350 (ICD-7, 1964-68), 342 (ICD-8, 1969-86), 332.0 (ICD-9, 1987-96), and G20 (ICD-10, 1997-2010). As PD has gradual onset, the index date for a PD diagnosis was defined as date of first hospital admission or outpatient contact. Our previous validation of hospital discharge diagnosis of PD against clinical diagnosis showed a positive predictive value of 70.8% and a sensitivity of 72.7%. [23] The Swedish Cause of Death Register (CDR), with nationwide coverage since 1961, includes information on date of death as well as underlying and contributory causes of death. [24] In the present study, all-cause death was defined as any death record in the CDR.
2.4. Statistical analyses 2.4.1. Association between SES and PD risk. To examine the association between SES and PD risk, we followed all individuals who were free of PD at baseline until index date of PD diagnosis, date of emigration, date of death, or end of follow-up on December 31, 2010. First, we calculated incidence rates (IRs) of PD per 100,000 person-years for different SES groups. To estimate incidence rate ratios with 95% confidence intervals (CIs) for PD risk by different SES, we used Cox proportional hazards regression with attained age as the underlying timescale. We present a multivariable model further adjusting for sex, marital status, and area of living. The highest socioeconomic group, higher nonmanual workers, was used as the reference category in all analyses. We performed both analyses in the entire population and analyses stratified by sex. To examine whether the association between SES and PD risk varied across different ages, we further stratified the analyses by age group (30-64, 65-74, and 75+ years). Finally, to examine whether health-seeking behavior influences the observed association with PD, we conducted sensitivity analyses by adjusting for total number of hospital visits for causes other than PD during the follow-up period.
2.4.2.
Association between SES and all-cause mortality among individuals with and without PD. To assess the association between SES and all-cause mortality, all participants were followed from baseline until date of death, date of emigration, or end of follow-up on December 31, 2010. First, we calculated age-standardized all-cause mortality rates per 100,000 person-years. We then estimated hazard ratios (HRs) with 95% CIs for all-cause mortality in a multivariable Cox proportional hazards regression model with attained age as the underlying timescale. To explore whether PD modified the association between SES and all-cause mortality, we treated PD diagnosis as a time-varying covariate and performed interaction tests by stratifying participants by PD diagnosis. For example, the follow-up time for an individual who did not have a PD diagnosis at baseline but developed PD during the follow-up was categorized into a PD-free period and a PD period.
All statistical analyses were performed with Stata, Version 13 (StataCorp LP, College Station, TX). Individuals with lower SES had generally lower incidence of PD (Table 2 ). Compared to high nonmanual workers, high manual and low manual workers had a 12% and 7% lower incidence of PD, respectively. There was no clear dose-response relationship between SES and incidence of PD. The age group was a statistically significant effect modifier for the association between SES and PD risk (P < 0.05 for the interaction test; see Figure, Supplementary Digital Content 1, http://links.lww.com/MD/ B142 which demonstrates the age-dependent effect of SES for PD risk). In older ages, the inverse associations appeared to be weaker for low nonmanual and high manual workers (see Table, Supplementary Digital Content 2, http://links.lww.com/MD/ B142 which illustrates the associations between SES and PD risk by different age groups). Results from sensitivity analyses by adjusting for hospital visits as a proxy of health-seeking behavior were similar to the main analyses (data not shown).
Results
Association between SES and all-cause mortality
In total 2,547,058 participants died during a mean of 21. Among individuals without PD, individuals with lower SES had higher all-cause mortality rate compared to high nonmanual workers ( Table 3 ). The inverse associations between SES and allcause mortality were also observed among PD patients, although attenuated (P < 0.01 for the interaction test). However, the standardized mortality rates among PD patients were on average 3-fold higher compared to individuals without PD (see Figure, Supplementary Digital Content 3, http://links.lww.com/MD/B142 which demonstrates the estimated morality rate by SES). Results were similar in the analyses stratified by sex (data not shown).
Discussion
With >4.6 million participants, to our knowledge, this is the first and largest nationwide cohort study investigating the impact of SES on PD risk and all-cause mortality for PD patients. Compared to the highest socioeconomic group, we observed a lower incidence of PD in individuals with lower SES. All-cause mortality was higher in individuals with lower SES and PD patients had in general 3-fold higher all-cause mortality rate compared to non-PD individuals. Our findings also showed that Table 2 Multivariable-adjusted incidence rate ratios and 95% confidence intervals of socioeconomic status in relation to Parkinson's disease risk. Table 3 Multivariable-adjusted hazard ratios and 95% confidence intervals of socioeconomic status in relation to all-cause mortality. CI = confidence interval, HR = hazard ratio, PD = Parkinson's disease, SMR = Standardized mortality rate. * Mortality rates were presented as per 100,000 person-years, standardized to the age distribution of person-years experienced by all subjects in the study population. † Analyses performed with Cox proportional hazards regression model, with attained age as timescale adjusting for sex, marital status, and area of living. ‡ Analyses performed with Cox proportional hazards regression model stratified by sex, with attained age as timescale adjusting for marital status and area of living.
All subjects
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Yang et al. 95: 30 Medicine the association between SES and all-cause mortality was weaker in PD patients than non-PD individuals.
Association between SES and PD risk
A possible explanation for the lower risk of PD in lower socioeconomic groups is factors related to SES, such as smoking and physical activity. There is a well-documented inverse association between smoking and PD risk, and during the past decades, the prevalence of daily smoking has been greater among lower socioeconomic groups in Sweden. [25] In addition, physical activity, also associated with lower PD risk, [26] may be related to SES such that individuals with lower SES (e.g., manual workers) may have higher physical activity level than nonmanual workers.
Few studies have examined the association between SES and PD risk. Most of these studies used a surrogate (e.g., a specific occupation) for SES, or included the surrogate as a covariate in the analyses, reporting conflicting results. [27] [28] [29] [30] [31] A previous Swedish nationwide study used education as a marker for SES and reported that individuals with higher educational level had increased risk of PD among men, [29] corroborating our results. Another study showed that some occupational groups such as construction and extractive workers (e.g., miners, oil well drillers) and production workers (e.g., machine operators, fabricators), which were similar to low-manual workers in our study, were associated with a decreased PD risk. [30] A third study in the U.S. reported that PD diagnoses were more likely to be recorded on death records among individuals with higher income than individuals with lower income. [31] 
Association between SES and all-cause mortality
The present study, to our knowledge, is the first examining whether the association between SES and all-cause mortality differs in PD patients compared to non-PD individuals. We observed that lower socioeconomic groups had a higher mortality rate, and a similar pattern in PD patients as in non-PD individuals but the effect of SES on all-cause mortality was weaker in PD patients.
The observed attenuation of the relative effect of SES on allcause mortality in PD patients can be explained by different underlying mortality rates between non-PD individuals and PD patients. As the underlying mortality rates are much lower in non-PD individuals than PD patients on an absolute scale, in the comparison on a relative scale with the underlying mortality rates as denominator, small differences in mortality rates in the numerator can have greater impact, resulting in larger HR differences in non-PD individuals than PD patients. In addition, PD patients were regularly followed-up within the health care system in Sweden, making them better controlled regarding other diseases, such as diabetes, hypertension, and so on, which are likely to be associated with SES.
There are several possible explanations for the higher mortality rates in lower socioeconomic groups in PD patients as well as in the general population. Lifestyle factors such as unhealthy dietary habits, lack of physical activity, obesity, and smoking are associated with chronic diseases such as cardiovascular diseases including hypertension and diabetes, as well as cancer, and tend to be more common in lower socioeconomic groups, leading to higher all-cause mortality. [25, 32] Although welfare programs have been implemented, socioeconomic inequalities still exist in several western European countries, indicating that more efficient welfare policies may be needed. [33] Among PD patients, infections such as pneumonia, accidental falls, and fractures can lead to higher mortality and may be associated with SES if there is less support from caregivers (e.g., family members) and lack of health care resources in low socioeconomic groups. These factors may also induce depression and stress that disrupt social connectedness, [12] which, in turn, may trigger other diseases such as cardiovascular and psychiatric diseases leading to high mortality. [34] 
Strengths and limitations
Strengths of our study include the population-based cohort design with a nationwide study sample and up to 30 years of follow-up. The population-based design can minimize selection bias, of particular importance when studying a variable such as SES. Other strengths include our ability to study both PD incidence and all-course mortality among PD patients as well as non-PD individuals by different socioeconomic groups. In addition, all exposure information was obtained independently from disease ascertainment, limiting potential for recall bias and reverse causation. Further, information on SES was classified according to a standard index, ensuring high validity.
This study has some limitations. First, one may question the lack of updated information on SES during our long follow-up period. However, although the Swedish labor market had undergone great changes during the follow-up period, most workers retained the same occupation with similar SES over time. [35] Admittedly, although quite rare, misclassification of SES may still exist in the census data. Given the prospective design and the standard classification of SES, we believe that potential misclassification of the exposure would be nondifferential, theoretically leading to underestimation of the observed associations. Second, we obtained PD diagnoses from the National Patient Register in which inpatient PD diagnoses have been validated against clinical diagnoses showing good accuracy; however, misclassification between PD and other parkinsonian disorders occurs. [23] We have no reason to believe that the magnitude of this misclassification differs by SES, therefore resulting in a bias toward the null. Another potential limitation in our study is surveillance bias; [36] participants in higher socioeconomic groups may be more health-conscious, more likely to seek care, resulting in earlier detection of PD. We examined this potential bias in the sensitivity analyses by adjusting for number of hospital visits for reasons other than PD as a proxy for health-seeking behavior; however, results were similar. Last, the present study lacked information on possible individual risk factors such as smoking, limiting the possibility to examine underlying mechanisms.
Conclusions
In Sweden, compared to the highest socioeconomic group, individuals with lower SES were associated with a lower incidence of PD identified from national registries. Our findings also showed that lower SES was associated with higher all-cause mortality among individuals with and without PD, but this association was weaker among PD patients.
